dent parietal mesothelial cells as a model system for such studies.
The ultrastructure of peritoneal mesothelial cells derived from several species, including human ( 1-5) , mouse (6, 7) , rabbit (8) , rat (9) (10) (11) (12) , dog (9) , pig (13) , and baboon (9), has been described in situ and have been shown to be morphologically similar to ovarian surface cells (14) and Type II pneumocytes (1) . Morphologically, peritoneal mesothelium is composed of a single layer of fiat cells supported by a layer of connective tissue. The apical surface of the cell is covered by profuse microvilli of varying height and distribution and micropinocytotic vesiculated pits; in mice these pits measure 150 to 400 nm in diameter (6) . These features show little variation among the species studied (9) . Preliminary reports of peritoneal me sothelium in vitro have revealed that cultured cells retain the same ultrastructural features seen in situ (15, 16) .
Identification of cells obtained from the peritoneum has been aided by reports describing the enzyme his tochemistry of peritoneal mesothelium (17, 18) and the immunohistochemistry of cytoskeletal proteins in human peritoneal mesothelial cells in vitro and human serosal tissues (15, 19, 20) .
Cultured mesothelial cells have been used in the studies of tumor invasion (21, 22) , toxicity of cigarette-derived substances (23) , wound healing (24) (25) (26) , prostaglandin metabolism (27) (28) (29) (30) , and general biology (31, 32) . A common methodological feature is the use of collagenase or trypsin to detach the cells from their basal lamina. Once established in vitro, a variety of media and sera have been reported to support me sothelial cell growth.
METHODS
Unless otherwise stated, all reagents and media were obtained from Sigma Chemical Company, St. Louis, MO. ISOLATIO N Rodent mesothelial cells were isolated from female Ne w Zealand white rabbits (2-2.5 kg) and from rats (0.2-0.4 kg) of both sexes. The animals were killed in accordance with current A V MA guidelines (33) . Each abdominal cavity was opened and the peritoneal flap excised under sterile conditions. Mesothelial cells were separated from the inner surface of the abdomi nal flaps by enzymatic digestion and scraping in me dium composed of equal volumes of Delbecco's Modified Eagle's Medium and Ham's Nutrient Mixture F -12 (DME/F12), and 0.5 mg/mL collagenase (Worthington Type II, Worthington Biochemical Company, Freehold, NJ) at pH 7.4. A cloning ring was placed on the peritoneal flap to confine enzyme digestion to the mesothelial surface (Figure 1) . After incubation at 37°C for 30 min (rats), 45 min (rabbits), or 75 min (human), the surface of digested abdominal wall was gently scraped to complete the release of partially attached mesothelial cells. Human mesothelial cells were isolated from the visceral surface of samples of human uterine and colon tissue.
Medium containing the cells was collected and transferred to sterile conical tubes and cells sedimented at 1000 X 9 for 10 min. The cells in the resulting pellet were resuspended in growth medium composed of DME/F-12 medium supplemented with 20% decomplemented horse serum (Biologos, N aperville, IL), penicillin-G (lOO U/mL; Pfizer, Inc., NY, NY), streptomycin (lOO &mu;g/mL; Eli Lilly and Co., In dianapolis, IN), and amphotericin -B (0.25 &mu;g/mL; E. R. Squibb and Sons, Inc., Princeton, NJ) and plated on uncoated plastic tissue culture dishes and 25 and 75 cm2 flasks (Becton Dickinson and Co., Lincoln Park, NJ).
Mesathelial cells in vitra
The cells were propagated in growth medium at 37°C in a humidified 5% CO2 atmosphere with complete change to fresh medium every 2 days. Primary cultures formed confluent monolayers in 5 to 6 days for rabbit and 10 to 14 days for rat mesothelial cells under these conditions. Subcultures were derived by the following method (34): Confluent cultures were washed twice with calcium-free Hank's balanced salt solution (KC Biological, Inc., Lenexa, KA), harvested after exposure for 5 min to 50 mM EDTA or trypsinEDTA diluted in calcium-free Hank's. Cells were washed by sedimenting at 600 X 9 for 5 min into growth medium and cultured as described for primary culture.
SURVEY OF GROWTH

MEDIA
Mesothelial cells established in growth medium were cultured in various media alone or supplemented with horse serum or CPSR-l (Sigma) serum replacement. The media used, with their additions, were as follows: Modified Eagles' Medium, with 14.88 mM sodium bicarbonate, 27.3 &mu;M glutamine, 1.25% amino acids (Sigma), 1.25% penicillin/streptomycin/neomy cin antibiotics (Sigma), 1.12% v/v Hanks' Balanced Salts, and lOO &mu;M calcium chloride; RPMI-1640, with 26.78 mM sodium bicarbonate, 27.3 &mu;M glutamine, 125 U /mL penicillin, 125 &mu;g/mL streptomycin, and 0.25 &mu;g/mL amphotericin-B; Media 199, with 26.19 mM sodium bicarbonate, 0.288 mM HEPES, 27.3 &mu;M glutamine, 125 U /mL penicillin, 125 &mu;g/mL streptomycin, and 0.25 &mu;g/mL amphotericin-B; DME/F-12, with 125 U /mL penicillin, 125 &mu;g/mL streptomycin, and 0.25 &mu;g/mL amphotericin-B; and L-15 (Leibovitz), with 27.3 &mu;M glutamine, 125 U/mL penicillin, 125 &mu;g/mL streptomycin, and 0.25 &mu;g/mL amphotericin-B.
Cells were plated at 1.5 X 105 cells/mL. On day 0 and observed on Day 5 by light microscopy, rated, and fixed in glutaraldehyde for electron microscopy.
Light and electran micrascapy
Light photo microscopy employed a Nikon Diaphot phase contrast microscope at lOO to 400 X magnification.
For transmission and scanning electron microscopy, cultured cells were grown on 22 mm2 glass cover slips. The cells were fixed with 2.5% glutaraldehyde in Millonig's phosphate buffer (35) for at least 24 h at 4 oC and prepared for scanning and transmission electron microscopy as previously described (31) .
I mmunafiuarescence
Cellular proteins were localized by immunochemical methods using a fluorescein-conjugated double antibody technique a s previously described (34) . The cells were incubated for 30 min with the following primary antibodies: (a) 
Cell growth rates
Mesothelial cell growth rates of rabbit and rat cells in culture were determined according to the method of Freshney (36). Cells were seeded at various densities in 24-well plates in 1 mL of growth medium per well. Three wells of each cell density were harvested by trypsinization every 24 h and counted using a Neubauer hemocytometer. The population doubling time and cell density at confluence were determined from the apparent asymptote of the plotted data. Figure 1 demonstrates the technique of mesothelial cell isolation using a glass cylinder similar in shape to a cloning ring. Confining the collagenase solution to a precise area on the exposed peritoneal flap within the ring offered the following advantages: (a) digestion of only the topmost layer of cells yielding, more consistently, a highly enriched population of mesothelial cells; (b) a n increased yield of mesothelial cells; and (c) minimization of stress to the cells.
RESULTS
Isolated peritoneal mesothelial cells attach to the plastic culture flasks within 4 to 6 h for rabbit cells and within 12 to 24 h for rat cells. Figure 2 shows light micrographs of peritoneal rabbit and rat mesothelial cells in primary culture. In rabbit primary culture, two morphologically distinct cell types were observed: (a) an elongated and larger type (Figure 2a) , and (2) a more rounded type which exhibited at confluence the cobblestone appearance characteristic of mesothelial cells (Figure 2b) . In primary culture, rat cells also exhibited the characteristic cobblestone arrangement at confluence (Figure 2c ).
SCANNING (S.E.M.) AND TRANSMISSION ELECTRON MICROSCOPY (T.E.M .)
Freshly isolated cells and cells grown in vitro, both primary cultures and subcultures, of rabbit and rat were ultrastructurally similar to mesothelial cells from normal rodent and human cells in vivo and normal human peritoneal cells in vitro (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) as exhib ited by T .E.M. and S.E.M. The cell surface was covered by numerous microvilli (Figures 3-6 ) and the cytoplasm was packed with great numbers of cytoplasmic vesicles of various shapes and sizes (Figures 3 and 4) . A characteristic feature was the profusion of micropinocytotic and/or microexocytotic vesicles lining the surface of the mesothelial cells (Figures 3 and 5) . Some of these vesicles were open to the extracellular space and were viewed in S.E.M. as pits on the surface of cells (Figure 6b ). Larger lipidfilled, membrane limited vesicles were also present in the cytoplasm (Figures 4a and 6a) . S.E.M. revealed rounded surface projections and vesicles on the surface of the cultured cells (Figures 5 and 6 ). These are similar to phospholipid-rich vesicles seen in the peritoneal fluid of rats (1). Table 1 summarizes the immunocytochemical staining of peritoneal mesothelial cells in vitro using fluorescein-conjugated double antibody techniques. In the rabbit, rat, and human, positive immunochemical staining was observed for anti-human vimentin, and anti-human fibronectin, and one clone of monoclonal antihuman cytokeratin, 4.62. Monoclonal anti-human cytokeratin clone 8.13 antigens were not shown to be present in cultured rabbit or human mesothelial cells, and monoclonal anti-human cytokeratin 8.12 antigens were not shown in the human cells. vWf was not detected by anti-human vWf in any of the tested cell types.
IMMUNOCYTOCHEMICAL IDENTIFICATION
GROWTH RATES OF MESOTHELIAL CELLS IN VITRO
Primary cultures of mesothelial cells were successfully subcultured every 10 to 14 days for up to 90 days. The rabbit mesothelial cells grew to a cell density of 2.7 &plusmn; 0.3 X 105 cells/cm2 (mean &plusmn; SE; n = 9). Rat mesothelial cells exhibited a population doubling time of 18 h to a cell density of 3.9 &plusmn; 0.4 X 105 cells/cm2 (mean &plusmn; SE; n = 9).
To survey the gross ability of various culture medium to support mesothelial cell growth in vitro, cells were plated at the same cell density in a variety of culture media and examined by light microscopy 5 days later. With the exception of unsupplemented L -15 medium, rat mesothelial cells grew well in the media and supplements tested giving a consistent cobblestone appearance and reaching confluence within 5 days. In contrast, rabbit mesothelial cells covered a smaller area of the culture dish during the same 5-day period and were dependent on serum or serum substitute for constitent and sustained growth. Human colon mesothelium was cultured only in DME/F-12 and exhibited better growth in serum enriched media though cells were similar in appearance to those grown in serum free media. More quantitative studies of the effect of culture media on me sothelial cell structure and growth rates are warranted.
DISCUSSION
Mesothelial cells maintained in vitro provide a potentially useful tool for the study of mesothelial cell biology and pharmacology as influenced by factors associated with peritoneal dialysis.
Replicating cultures of peritoneal mesothelial cells from rats and rabbits were readily established by mild collagenase treatment followed by gentle scraping of the peritoneal wall. Cell cultures were maintained for 3 months without any apparent change in characteristic morphology or immunocytology .Ultrastructurally, cultured rabbit and rat mesothelial cells (primary and subcultures) were similar to mesothelial cells from normal rodent and serosal human cells in vivo; this similarity extended to normal human peritoneal mesothelial cells in vitro (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) 31, 32) .
Cultured rat and rabbit mesothelial cells were characterized ultrastructurally by the presence of micro villi and the numerous vesicles of various forms and sizes in the cytoplasm. The well developed endoplasmic reticulum and golgi apparatus suggest that mesothelial cells possess substantial biosynthetic capability. Cytoplasmic lipid inclusions were the most characteristic feature of mesothelial cells in vitro (1) . These vesicles found on the cell surface may represent phospholipid-rich particles described as lamellar bodies found in peritoneum of rats by Dobbie (1), who suggested that the mesothelium is the primary site of synthesis of peritoneal lubricant phosphatidylcholine.
Immunologically, these cells contained cytokeratin (clones 8.12,4.62), vimentin, and fibronectin antigens. vWf and cytokeratin 8.13 antigens were not shown in cultured mesothelial cells from rabbit, although the antisera employed do recognize vWf in canines and several feline species (37, 38). The g eneral immunological properties of cultured mesothelial cells are in agreement with previous results obtained with in situ staining of peritoneum (5, 13, 14) .
Cells grew as a monolayer to confluence and then maintained a constant cell density. A burst of cell division was observed within 24 h of subculturing the cells to a lower density.
Recent observations in experimental animals (39) and patients (40) have indicated that phosphatidylcholine in peritoneal fluid may playa significant role in the physiology of peritoneal dialysis with respect to permeability and ultrafiltration. The demonstration that the mesothelium is capable of synthesizing phosphatidylcholine itself in amounts similar to lung under the same conditions has further heightened interest in the role of mesothelial secretions in the process of peritoneal dialysis. The ability to culture and maintain identifiable mesothelial cells from rodents has provided an in vitro model to further explore the secretory ability of these cells.
